Antigen Retrieval Methods for Immunohistochemistry
The usefulness of immunohistochemistry (IHC) on formalin-fixed, paraffin-embedded (FFPE) tissue is limited by the difficulty in retrieving the formalin-altered antigenic epitopes within the section. Successful antibody binding and subsequent detection by IHC usually requires some form of treatment to undo or address these formalin-induced changes in epitopes. Over the last 2 decades, many new techniques for antigen retrieval have been developed. Because of these new technologies, the potential usefulness of IHC has increased greatly.
Despite the fact that formalin has been used for many years to preserve tissues, the structural changes associated with formalin fixation are not fully understood. Cross-linking of reactive sites via methylene bridges is known to occur, and it is hypothesized that calcium ions are also involved in this cross-linking, perhaps through the production of hydroxymethyl groups (3). These crosslinks result in changes in tertiary and quaternary protein structures, whereas it is believed that primary and secondary structures remain unaltered (2) . The cross-linking becomes more and more extensive the longer the tissues remain in wet formalin. For this reason, optimal fixation times for successful IHC are short, ideally 12-48 hr. Once the tissue is placed in the processor and the aqueous material is effectively removed, the action of formalin is halted. Consequently, when the tissue is permeated with paraffin and embedded within the tissue block, the protein structure does not undergo any further changes.
The first method used to retrieve antigen from FFPE tissue was the application of proteolytic enzymatic digestion to the tissue. Many enzymes have been used, including trypsin, pronase, proteinase K, or pepsin. For this method, a solution of the appropriate concentration is made and placed on the deparaffinized tissue section for a short period of time. The solution is then inactivated via thorough washing, often with glycine, prior to the performance of the IHC protocol. The concentrations and incubation times required by this method may vary according to the duration of fixation. Overdigestion leads to a significant loss of morphology. The heat-induced antigen retrieval that was introduced in 1991 involved microwaving tissue sections that were immersed in an aqueous solution (6) . Since 1991, other heat-based methods have been applied successfully, including pressure-cooker heating and hydrated autoclaving. Even though intuitively it sounds counterproductive to treat tissue sections in this manner, as long as the tissues are thoroughly hydrated throughout the procedure, there is no alteration in mnrnhnlno,v The underlying basis of antigen retrieval is even less well understood than the process of formalin fixation. We know that in the proteolytic enzymatic digestion, some of the bonds created during the fixation process break, allowing for access of antibody to antigen that may have become masked by the cross-bridges. There is less certainty about the mechanisms involved in heat treatment. Heat-induced hydrolysis will result in the relaxation or breaking of formalin-induced cross-linkages, but the removal of calcium ions from within formaldehyde-fixed proteins is probably also critical, as these ions may be an essential part of the cross-linked complexes (3, 5) . The composition of the aqueous solution needed for heatbased antigen retrieval varies greatly. Although distilled water has been used successfully for some antigens, most recommended solutions contain citrate, phosphate, or EDTA. The inclusion of these salts is further indication that some form of calcium chelation is beneficial in optimizing antigen unmasking. The pH of the solution may also play a role. Most antigens are retrievable using aqueous solutions over a range of pH 6.0-8.0, but there are some antigens that can be retrieved only at very basic or very acidic pH (4, 5) . The molarity of the retrieval solution does not seem to be a factor ( 1 ) .
The obvious question is which antigen retrieval method to use. Unfortunately, there is no rule as to which method will work best for any particular antigen. Success ultimately depends on the local microenvironment and on the configuration of the antigen with the fixed material. Perhaps one day, when we have a more thorough understanding of formalin's action and of the corresponding methods used to undo that action, it will be easier to predict which method to use. In our laboratory, we routinely try each new antibody (i.e., antigen) with 3 standard treatments: (a) proteolytic digestion with .01% trypsin for 15 min at 37°C, (b) microwaving in a 0.01 mol citrate buffer at pH 6.0 for two 5-min bursts, or (c) hydrated autoclaving in a 0.01 mol citrate buffer at pH 6.0 for 15 min at 121 °C and 220 psi. If results are not satisfactory with any of these methods, we try other enzyme treatments and new buffers. In our hands, we have yet to fail to retrieve antigen when using a polyclonal antibody, and we have had success with the majority of monoclonal antibodies tested.
In general, antigen retrieval for IHC with polyclonal antibodies is less exacting than with monoclonal antibodies. The advantage of polyclonal antibodies is that they contain immunoglobulin molecules that react to a wide variety of epitopes, and the probability that all of those formalin-altered epitopes are irretrievable is negligible. Often, polyclonal antibody-based IHC will work well with all of the antigen retrieval methods tried. The disadvantage, of course, with polyclonal antibodies is the possibility for nonspecific binding and the necessity of monitoring the tissue carefully for background. The great advantage of monoclonal antibodies lies in their tremendous specificity; the corresponding disadvantage rests in their dependence on I epitope. It is with monoclonal antibodies that the various forms of antigen retrieval have been so useful. The ability to try a variety of antigen retrieval methods greatly increases the chance that one of those methods will successfully unmask the antigen for successful IHC binding. 
